considered unnecessary because the fish at score 3 becomes unfit for human consumption [8] . Each evaluation of organoleptic changes in fish characteristics was carried out by six trained panelists from Marine Science Faculty. The average of the scores given from the panelists represented as the general organoleptic quality of the fish. The scores were given 10-9 (excellent freshness) and 4 (limit of rejection).
Microbiological analysis
Direct viable count (DVC) method was used to measure total bacterial count (TBC) of normal flora in flesh tissue of the studied fish according to Hakkimane and Rathod [10] . The TBC has been estimated by surface inoculation of 0.1 ml of six dilutions using digital pipette on Marine Agar (2216 oxoid) plates, in triplicate, and incubation at 25°C for 48 hours. The developed colonies of bacteria ranged of 30-300 were counted and calculated per gram and expressed as colony forming unit per gram (CFU/g).
Number of colonies (average of three replicates) CFU/g = ‫ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ‬ Amount plated x dilution
Data analysis
Minimum, maximum, mean, standard deviation and standard error of mean were used to describe data. The values were expressed as mean ±SD. Data obtained were analyzed by using t-test, one-way Analysis of Variance (ANOVA) and Post-hoc multiple comparisons conducted by using Least Significant Difference (LSD), P < 0.05 was considered as significant value. Simple linear regression model was used. Statistical analysis was performed by using statistical package IBM SPSS software, version 21, and Microsoft Excel, version 2007. 
III. Results and Discussion

Organoleptic analysis
The first evaluation of organoleptic changes was carried out at time zero. The quality scores of organoleptic evaluation of Indian mackerel, were given 9.6±0.547 as an excellent quality. Figure 1 shows the changes of quality scores of Indian mackerel at 4°C, 15°C and 25°C. At 4°C for 48 hours quality scores were 8.4±0.547, after 96 hours at the same storage conditions, quality scores of Indian mackerel were 6.4±1.140 and after 144 hours quality scores were 4±1.224. Changes of quality scores of fish stored at 15°C. Quality scores of Indian mackerel after 24 hours of storage were 7.2±0.836, at 48 hours quality scores of Indian mackerel, reached to 4.6±1.341, and after 72 hours of storage at 15°C Indian mackerel exceeded the acceptable limit with quality scores 3.2±0.447. After six hours of storing at 25°C the quality scores of Indian mackerel were 7.8±0.836, after 12 hours quality scores significantly decreased to 5±0.707 and the quality scores were 3.2±0.447, exceeded the limit of acceptable after 24 hours of storage.
The shelf-life of Indian mackerel stored in the three different storage temperatures (4°C, 15°C and 25°C) was as follows (fig. 2) ; during storage at 4°C samples were found to be organoleptically acceptable up to about 151.02 hours. While storing at 15°C, fish samples were organoleptically acceptable up to about 59.69 hours for Indian mackerel, and fish samples stored at 25°C were found to be organoleptically acceptable for human consumption when they were stored for a period about 19.37 hours for Indian mackerel.
Microbiological analysis
Bacteria were grown dramatically at all storage temperatures (table 1, fig. 3 ). The initial TBC (time zero) of Indian mackerel was 2.41±0.23 log cfu/g. During storage of 4°C TBC in fish samples after 48 hours was 4.88±0.21 log cfu/g, after 96 was 6.14±0.19 log cfu/g and in 144 hours of storage TBC was 7.83±0.24 log cfu/g. The numbers of bacterial colonies that proliferated in each period of storage were as followed; in the first 48 hours were about 2.47±0.26 log cfu/g, in the next 48 hours were 1.26±0.28 log cfu/g, and in the last 48 hours were 1.69±0.26 log cfu/g ( fig. 4a) . At 15°C for 24 hours TBC was 6.36±0.44 log cfu/g, after 48 hours at 15°C TBC was 8.09±0.1915 log cfu/g, and after 72 hours TBC was 8.43±0.176 log cfu/g in Indian mackerel. Micro flora that proliferated in fish samples stored at 15°C during storage period (0-24, 24-48 and 48-72 hours) shown in (fig. 4b) . The bacterial flora proliferation was 3.95±0.589 log cfu/g during the period 0-24 hours, at the period of 24-48 hours micro flora proliferation was 1.73±0.442 log cfu/g, and 0.34±0.353 log cfu/g during the period of 12-24 hours. And at 25°C, TBC in fish samples in 6 hours of storage increased greatly to 5.11±0.63 log cfu/g, after 12 hours of storage TBC reached to 7.44±0.09 log cfu/g, TBC of Indian mackerel in 24 hours of storage was 8.25±0.51 log cfu/g. The numbers of bacterial colonies that proliferated in the each period of storage were as followed; in the first 6 hours were about 2.7±0.73 log cfu/g, in the next 6 hours were 2.33±0.53 log cfu/g and in the period between 12-24 hours were 0.81±0.50 log cfu/g ( fig. 4c) . Table 1 . TBC log cfu/g of normal flora in flesh tissue of Indian mackerel during storage in three different temperatures.
*. Values are means ± standard deviation (SD) of three determinations of each sampling. Means followed by same letter (s) are not significantly different (P>0.05). **. Not data found. The microbiological shelf-life of Indian mackerel stored in the three different storage temperatures (4°C, 15°C and 25°C) was as follows (fig. 5) stored at 25°C were found to be acceptable for human consumption when they were stored for a period about 15.6 hours for Indian mackerel.
The organoleptical shelf life of Indian mackerel was significantly longer than microbiological shelf life about 21.72%, 29.31% and, 19.58%, during storage at 4°C, 15°C and 25°C, respectively ( fig. 6 ).
IV. Discussion
Organoleptic analysis
The quality scores of organoleptic characteristics of Indian mackerel at time zero were given as an excellent quality. Then quality was deteriorated gradually along the progress of storage period. During storage periods of Indian mackerel, it showed that the lowest quality scores were given to the Indian mackerel stored in 25°C followed 15°C. The Indian mackerel stored at 4°C recorded the highest quality scores, indicating higher quality and slower spoilage rate than in the other two storage temperatures (25°C and 15°C) throughout the storage period. The differences in the quality scores during storage conditions are possibly due to the effect of temperature to the enzymatic and microbial activities in fish samples, whereas low temperatures delayed the enzymatic and microbial activities. Huss [11] indicated similar effects of different storage temperatures in fish. Great differences were observed (P<0.05) among the storage periods of each storage temperature. Also, significant differences (P<0.05) were found between fish shelf life and their storage temperatures 25°C, 15°C and 4°C. The shelf life of Indian mackerel stored at 4°C were found to be significantly longer than 25°C followed by 15°. Graham et al. [12] reported that fish with a shelf life of only about 48 hours at 15°C will keep for 144 hours at 5°C and about 360 hours at 0°C before becoming unacceptable for human consumption.
Microbiological analysis
In this study, The trends of bacterial growth were significantly different among storage temperatures. Rapid increasing in the rate of the bacterial load was observed in the fish samples that stored at 25°C followed by 15°C, and samples stored at 4°C showed the slowest rates of bacterial growth. These results agreed with Kim et al. [13] , when they monitored the bacterial growth in mackerel during different storage temperatures (0°C, 4°C, 15°C and 25°C) and they found that bacterial counts increased rapidly at 25°C and reached to about 8 log cfu/g in 48 hours faster than other storage temperatures. Jiang et al. [14] also concluded that bacterial multiplication was accelerated with the increase of the storage temperature. In the same way, Mendens [15] previously stated similar results. Fish bacteria showed a very sensitive to temperature. Elevated temperatures stimulated the fish bacteria to grow and multiply rapidly using the organic compounds of fish as food to obtain the energy. On the other hand, lower temperatures did not totally stop the growth of bacteria but they possibly decreased or slowed down the bacterial growth and the activities that accelerated spoilage of fish [12] .
V. Conclusions
It is known that fish has a short shelf-life after getting caught. Storage in low temperatures considerably delays spoilage occurrence and extends the shelf-life of fish. In this work the Indian mackerel stored in different storage conditions by using three different storage temperatures; 25°C, 15°C and 4°C, revealed that the storage period increased depending on the decompositions occurred by biochemical and bacteriological interaction. Storage temperatures directly effect on shelf-life of fish, where the higher storage temperature caused rapid spoilage than the lower storage temperatures. The storage temperature of 4°C created unfavorable environmental conditions for bacteria which slowed down the bacterial proliferation and reduced the decomposition in fish samples, while storage temperatures of 25°C and 15°C allowed the bacterial to proliferate which reduces the shelf-life of stored fish. Therefore, it is suggested to chill fish rapidly after catch and use low storage temperatures (≤4°C) to extend the shelf-life of fish. For the insurance fish quality, the microbiological indicator is better than organoleptical indicator to determine the quality and freshness of fish and to detect the fish spoilage. Future studies that have been suggested by this study are: studying the effect of storage at vacuum and modified atmospheres on fish quality and comparative study on different quality indicators of fish.
